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PROBLEM TO BE SOLVED: To provide a lithium 
secondary cell with high energy density having high 
discharging efficiency, excellent capacity keeping 
property, excellent cell characteristics, and safety at 
wide range of temperature, and to provide nonaqueous 



electrolytic solution used for the same. 
SOLUTION: The nonaqueous electrolytic solution, 
containing lithium salt dissolved in nonaqueous 
electrolytic solvent, contains a compound shown in 
formula (1). 
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* NOTICES * 

JPO and NCiPl are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
S.In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The nonaqueous electolyte to which lithium salt is the nonaqueous electolyte which it 
comes to dissolve in a non-aqueous solvent, and a non-aqueous solvent is characterized by 
containing the fluorine-containing organic compound expressed with the following (I) type. 
[Formula 1] 



(XI -X5 express independently a hydrogen atom or a fluorine atom among a formula, respectively, 
and R1 and R2 form the ring which may express the alky! group which may have the substituent 
independently, respectively, or may join together mutually, and may have the substituent.) 
However, the compound expressed with the (I) type shall contain at least one fluorine atom. 
[Claim 2] The nonaqueous electolyte according to claim 1 characterized by a fluorine-containing 
organic compound being what expressed with the following (II) type. 
[Formula 2] 



(XI -X5 are synonymous with the above among a formula, and n expresses the integer of 2-10.) 
However, the substituent may combine with the cycloalkane ring. Moreover, at least one of the 
hydrogen atoms of the benzene ring and a cycloalkane ring is permuted by the fluorine atom. 
[Claim 3] The nonaqueous electolyte according to claim 2 to which a fluorine-containing organic 
compound is characterized by being the cyclohexylbenzene by which at least one of the 
hydrogen atoms was permuted by the fluorine atom. 

[Claim 4] A nonaqueous electolyte given in any 1 term of claims 1 -3 characterized by at least 
one of XI -the X5 being a fluorine atom. 

[Claim 5] A nonaqueous electolyte given in any 1 term of claims 1-4 to which a non-aqueous 
solvent is characterized by containing a fluorine-containing organic compound 0.1 to 10% of the 
weight. 

[Claim 6] A nonaqueous electolyte given in any 1 term of claims 1-5 characterized by containing 
at least one sort of organic solvents chosen from the group which a non-aqueous solvent 
becomes from an annular carbonate and lactone compound, chain-like carbonate, carboxylate, 
and the chain-like ether. 

[Claim 7] More than 70 capacity % of a non-aqueous solvent A lactone compound with 3-9 total 
carbon, annular carbonate with 3-9 total carbon, It is the solvent chosen from the group which 
consists of chain-like carboxylate with the chain-like ether with chain-like carbonate with 3-9 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lithium secondary battery which used a 
nonaqueous electolyte and it. This invention relates to the nonaqueous electolyte which gives 
the lithium secondary battery of a high energy consistency and it excellent in safety to which the 
function to stop advance of overcharge was given in detail, without reducing a cell property. 
[0002] 

[Description of the Prior Art] development of the lithium secondary battery which has a high 
energy density with lightweight-izing of an electric product in recent years, and a miniaturization 
— before — furthermore, it is wished and the improvement of a cell property is also demanded 
with expansion of Field of application of a lithium secondary battery. The electrolytic solution 
which dissolved lithium salt in the nonaqueous solvent which makes a carbonate, carboxylate, 
the ether, lactone, etc. a subject as a nonaqueous electolyte for lithium secondary batteries, for 
example is used. These nonaqueous solvents have a high dielectric constant, and since oxidation 
potential is high, they are solvents which were excellent on cell properties, such as excelling also 
in the stability at the time of cell use. 
[0003] 

[Problem(s) to be Solved by the Invention] On the other hand, since use on an electrical 
potential difference high for the high stability of a nonaqueous solvent is possible for the 
electrolytic solution using the above nonaqueous solvents, the so-called overcharge 
phenomenon which becomes an electrical potential difference more than a predetermined upper 
limit electrical potential difference at the time of charge tends to pose a problem conversely. 
Since phenomena, such as ignition and a burst, can also be caused not only deformation and 
generation of heat of a cell but when excessive if it is overcharged, it is important to raise the 
safety of the rechargeable battery at the time of overcharge. 

[0004] Although lithium transition-metals oxides which have the layer structure, such as a cobalt 
acid lithium and a nickel acid lithium, are especially used as positive active material of a lithium 
secondary battery since the capacity per weight is large Since these compounds will almost be 
****ed by the lithium ion in a overcharge condition, and it becomes unstable, and rapid 
exothermic reaction with the electrolytic solution may be caused or a lithium metal may be 
deposited on a negative electrode, the safety at the time of overcharge is very important. 
[0005] As an attempt which raises the safety at the time of overcharge, the compound which 
has the oxidation potential beyond the upper limit electrical-potential-difference value of a cell 
in the electrolytic solution is added as a overcharge inhibitor, and the approach of intercepting a 
current is learned. Since the overcharge prevention effectiveness stops being discovered when 
the compound which causes a reaction remarkably is used on the electrical potential difference 
which will accelerate degradation of a cell at the time of the usual cell actuation, and will easily 
exceed the upper limit electrical potential difference of a cell if the compound which causes a 
reaction below with the upper limit electrical-potential-difference value of a cell is used, it 
becomes important to choose the compound which reacts on a suitable electrical potential 
difference. 
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[0006] Generally, carrying out the polymerization of the aromatic compound by oxidation reaction 
is known. If polycyclic aromatic compounds, such as a biphenyl, and an alkyi group with the 3rd 
class carbon, such as cyclohexylbenzene. and the aromatic compound especially permuted by 
the saturation cycloalkyi radical are added in the electrolytic solution especially A overcharge 
current is controlled, when it changes into a overcharge condition, and these compounds follow 
and carry out an oxidation polymerization and form the coat of high resistance in an active 
material front face. Before a cell results in a dangerous condition as the result, advance of 
overcharge can be stopped, and raising fixed effectiveness is known (for example, patent 
reference 1 and 2 and nonpatent literature 1 reference). 

[0007] However, since small [ every ] oxidation reaction advances under the conditions at the 
time of the usual charge and discharge and elevated-temperature preservation etc.. these 
compounds have the problem of reducing the engine performance of a cell. Making a non- 
aqueous solvent contain the organic compound containing a halogen, especially a fluorine on the 
other hand is used for the improvement in safety of a cell. 

[0008] For example, it is known that the aromatic compound containing a fluorine atom is 
effective in lowering the exoergic rate at the time of a reaction the electrolytic solution and 
inter-electrode with a certain reason occurring (for example, patent reference 3 reference). 
Moreover, as for the aromatic compound which has a halogen, an alkyI group, or an alkoxy group 
in a substituent. in accordance with the effectiveness of causing a polymerization by thermal 
reaction, stopping advance of overcharge is known by the Joule's heat which it is known that 
there is the redox shuttle effectiveness that itself consumes a overcharge current by repeating 
oxidation reduction to stability, and is generated at the time of overcharge of a cell (for example, 
patent reference 4 reference). 

[0009] However, these overcharge preventing methods by which the conventional proposal is 
made should not yet be satisfied, and the further amelioration is desired. 

[0010] r 
[Patent reference 1] JP,9-106835.A [the patent reference 2] JP.2001-151 55.A [the patent 
reference 3] JP.9-50822.A [the patent reference 4] JP.1 1-329496.A [nonpatent literature 1] S. 
Tobishima. et al.. Electrochemistry. 2002. 70 volumes, p.875 [0011] 

[Means for Solving the Problem] When the halogen atom, especially the fluorine atom were 
introduced into the organic compound, as a result of repeating examination wholeheartedly 
paying attention to being effective in raising oxidation resistance, this invention person etc. by 
making a nonaqueous electolyte contain a specific fluorine-containing organic compound When 
you change into a overcharge condition, it follows, and these compounds carry out an oxidation 
polymerization and form the coat of high resistance in an active material front face. And before 
this coat controlled the overcharge current and the cell resulted in the dangerous condition as 
that result, it finds out that advance of overcharge can be stopped and the degradation of the 
cell under the conditions at the time of the usual charge and discharge and elevated- 
temperature preservation etc. can be stored in tolerance, and came to complete this invention. 
[0012] That is, the summary of this invention is a nonaqueous electolyte which comes to 
dissolve lithium salt in a non-aqueous solvent, and it consists in the nonaqueous electolyte to 
which a non-aqueous solvent is characterized by containing the compound expressed with the 
following (I) type. 
[0013] 
[Formula 3] 

^■ W 

^) V-x^ (I) 

[0014] (XI -X5 express independently a hydrogen atom or a fluorine atom among a formula, 
respectively, and R1 and R2 form the ring which may express the alkyI group which may have the 
substituent independently, respectively, or may join together mutually, and may have the 
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substituent.) However, at least one fluorine atom shall be included by the inside of the compound 
expressed with the (I) type. Other summaries of this invention again The negative electrode 
which contains occlusion and the ingredient which can be emitted for a metal lithium, a lithium 
alloy, or a lithium. In the lithium secondary battery equipped with the nonaqueous electolyte 
which comes in a lithium to dissolve the positive electrode containing occlusion and the 
ingredient which can be emitted, and lithium salt in a non-aqueous solvent, a non-aqueous 
solvent consists in the lithium secondary battery characterized by being a thing containing the 
compound expressed with the (I) type. 



[Embodiment of the Invention] Hereafter, it explains to a detail per gestalt of operation of this 
invention. Lithium salt is dissolved in the non-aqueous solvent in which the nonaqueous 
electolyte concerning this invention contains the compound expressed with the following (I) type. 



[0017] (XI -X5 express independently a hydrogen atom or a fluorine atom among a formula, 
respectively, and R1 and R2 form the ring which may express the alky! group which may have the 
substituent independently, respectively, or may join together mutually, and may have the 
substituent.) However, at least one fluorine atom shall be included by the inside of the compound 
expressed with the (I) type. As a non-aqueous solvent, annular carbonate and chain-like 
carbonate, a lactone compound (annular carboxylate). chain-like carboxylate, cyclic ether, the 
chain-like ether, a sulfur-containing organic solvent, etc. are mentioned, for example. 
[0018] These solvents may be used independently, or two or more kinds may be mixed and they 
may be used. In these, the solvent with which the number of total carbon is chosen from the 
annular carbonate and lactone compound, the chain-like carbonate, the chain-like carboxylate, 
and the chain-like ether of 3-9, respectively is desirable, and it is desirable to include the 
solvent with which especially the number of total carbon is chosen from the annular carbonate 
and chain-like carbonate of 3-9, respectively more than a kind, respectively. 
[0019] The following is mentioned as an example of the annular carbonate whose numbers of 
total carbon are 3-9, respectively, a lactone compound, chainHike carbonate, chain-like 
carboxylate. and chain-like ether. 3-9 have the annular number of total carbon — 
carbonaterethylene carbonate, propylene carbonate, butylene carbonate, vinylene carbonate, 
vinyl ethylene carbonate, etc. are mentioned. In these, ethylene carbonate or propylene 
carbonate is more desirable. 

[0020] the number of total carbon — lactone compound [ of 3-9 ]: — gamma-butyrolactone, 
gamma-valerolactone, delta-valerolactone, gamma-caprolactone, delta-caprolactone, epsilon- 
caprolactone, etc. can be mentioned, and gamma-butyrolactone is more desirable in these, the 
number of total carbon — chain-like carbonate [ of 3-9 ]: — dimethyl carbonate and diethyl 
carbonate — G n-propyl carbonate, diisopropyl carbonate, n-propyl isopropyl carbonate, Di-n- 
butyl carbonate, diisobutyl carbonate, G t-butyl carbonate, n-butyl isobutyl carbonate, n-butyl- 
t-butyl carbonate, Isobutyl-t-butyl carbonate, ethyl methyl carbonate. Methyl-n-propyl 
carbonate, n-butyl methyl carbonate. Isobutyl methyl carbonate, t-butyl methyl carbonate, ethyl- 
n-propyl carbonate, n-butyl ethyl carbonate, isobutyl ethyl carbonate, t-butyl ethyl carbonate, 
n-butyl-n-propyl carbonate, isobutyl-n-propyl carbonate, t-butyl-n-propyl carbonate, n-butyl 
isopropyl carbonate, isobutyl isopropyl carbonate, t-butyl isopropyl carbonate, etc. can be 
mentioned. In these, dimethyl carbonate, diethyl carbonate, or ethyl methyl carbonate is more 
desirable: 

[0021] Carboxylate with 3-9 total carbon: Methyl acetate, ethyl acetate, n propyl acetate. 



[0015] 




[0016] 
[Formula 4] 



(I) 
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acetic-acid-isopropyl, n-butyl acetate, isobutyl acetate, acetic-acid-t-butyl. methyl propionate, 
ethyl propionate, propionic-acid-n-propyl, propionic-acid-isopropyl, propionic-acid-n-butyl, 
propionic-acid isobutyl, propionic-acid-t-butyl, etc. can be mentioned. In these, ethyl acetate, 
methyl propionate, or ethyl propionate is more desirable. 

[0022] The chain-like ether with 3-6 total carbon: Dimethoxymethane, dimethoxyethane. 
diethoxy methane, diethoxy ethane, ethoxy methoxy methane, ethoxy methoxyethane, etc. can 
be mentioned. In these, dimethoxyethane or diethoxy ethane is more desirable, these solvents 
usually — a non-aqueous solvent — 0.1 to 99.9% of the weight, it is used so that 50 - 95 % of 
the weight may be occupied preferably. 

[0023] If many properties, such as the solubility of the electrolyte for which a nonaqueous 
electolyte is asked, conductivity, viscosity, and anti-oxidation reducibility. are taken into 
consideration More than 70 capacity % of a non-aqueous solvent A lactone compound with 3-9 
total carbon, annular carbonate with 3-9 total carbon. It is the solvent chosen from the group 
which consists of chain-like carboxylate with the chain-like ether with chain-like carbonate with 
3-9 total carbon, and 3-9 total carbon, and 3-9 total carbon. And it is desirable that it is the 
solvent chosen from the group which more than 20 capacity % of a non-aqueous solvent 
becomes from a lactone compound with 3-9 total carbon and annular carbonate with 3-9 total 
carbon. 

[0024] Lithium salt is used as a solute of the nonaqueous electolyte concerning this invention. 
The thing of arbitration will be mentioned if lithium salt can be used as a supporting electrolyte. 
It considers as the example, for example, the following is mentioned. 

(1) — inorganic lithium salt: ~ the fault halogen acid salt of LiPF6. LiAsF6, LiBF4, the inorganic 
fluoride salt of LiAIF4 grade. LiCI04 and LiBr04, and LiI04 grade. 

(2) organic lithium salt: — LiCF3 S03 etc. — an organic sulfonate — UN (CF3 S02)2 and UN 
(C2 F5 S02)2. PerfluoroalkyI sulfonic-acid imide salts, such as UN (CF3 S02) (C4 F9 S02), UC 
(CF3 S02)3 etc. — a perfluoroalkyi sulfonic-acid methide salt — UPF (CF3)5. UPF2 4 (CF3). 
and UPF3 3 (CF3). UPF2 4 (C two F5) and UPF3 3 (C two F5), UPF (n-C three F7)5 and UPF2 
4 (n-C three F7). UPF3 3 (n-C three F7) and UPF (iso-C three F7)5. UPF2 4 (iso-C three F7) 
and UPF3 3 (iso-C three F7). UB (CF3)4. UBF (CF3)3. and UBF2 2 (CF3). UBF3 (CF3). UB (C 
two F5)4. and UBF (C two F5)3, LiBF2(C two F5) 2 and UBF3 (C two F5), UB (n-C three F7)4 
and UBF (n-C three F7)3, UBF2 2 (n-C three F7), UBF3 (n-C3F7). UB (iso-C three F7)4 and 
UBF (iso-C three F7)3. UBF2 2 (iso-C three F7). UBF3 (iso-C three F7). etc.. The salt which 
permuted some fluorine atoms of an inorganic fluoride salt by the perfluoroalkyi radical. Fluorine- 
containing organic lithium salt, such as a lithium tetrakis (perfluoro carboxylate) borate salt of 
UB (CF3COO)4 UB (OCOCF2COO)2. and UB(OCOC2F4COO)2 grade, is mentioned. The inside 
of these. UPF6 and UBF4. and UN (CF3 S02)2, UN (C2 F5 S02)2. UN (CF3S02) (C4 F9 S02), 
UPF3 3 (CF3), UPF3 3 (C two F5), and UBF2 2 (C two F5) Or UB (OCOCF2COO)2 is desirable 
and UPF6 or UBF4 is more desirable. When a non-aqueous solvent contains gamma- 
butyrolactone 60% of the weight or more especially, it is desirable that UBF4 is 50% of the weight 
or more of the whole lithium salt. 

[0025] It is usually desirable among the total lithium salt in the electrolytic solution more than 
5mol% and to contain preferably especially the compound chosen from the group which consists 
of UBF4 and UPF6 as lithium salt at a rate beyond 30mol%. When the compound chosen from 
the group which consists of UBF4 and UPF6 as lithium salt is used, electrochemical stability is 
high, and it becomes the outstanding electrolytic solution in which high conductivity is shown in 
a large temperature requirement. When the rate of these compounds is too low. this engine 
performance may become inadequate. 

[0026] In addition, these solutes may be used independently, or two or more kinds may be mixed 
and they may be used. As for the concentration of the lithium salt in a nonaqueous electolyte. it 
is desirable that they are 0.5 mols [ I. ] /or more and three mols/l. or less. Since it will become 
inadequate [ the conductivity of the electrolytic solution ] by absolute low density if 
concentration is too low. conductivity falls since it is a viscosity rise when concentration is too 
high, and lithium salt becomes easy to deposit at low temperature, there is an inclination for the 
engine performance of a cell to fall. 0.6 mols /or more of concentration of desirable lithium salt 
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are [ I. ] 0.7 mols/l. or more especially preferably, and an upper limit is 1 .5 mols/l. or less 
desirable especially preferably [ mols //L / or less / two ]. 

[0027] The nonaqueous electolyte concerning this invention is characterized by containing the 
compound expressed with the following (I) type in a non-aqueous solvent. 
[0028] 
[Formula 5] 

(I) 




[0029] (XI -X5 express independently a hydrogen atom or a fluorine atom among a formula, 
respectively, and R1 and R2 form the ring which may express the alkyi group which may have the 
substituent independently, respectively, or may join together mutually, and may have the 
substituent.) However, at least one fluorine atom shall be included by the inside of the compound 
expressed with the (I) type. The shape of a chain and annular any are sufficient as the alky! 
group expressed with R1 and R2. The carbon number of a chain-like alkyI group is usually [ ten 
or less ] four or less more preferably six or less. If the carbon number of an alkyl group generally 
becomes large, solubility and reactivity will fall, or the molecularity per same weight will decrease, 
and the effectiveness per same weight will fall. 

[0030] As an alkyl group of the shape of such a chain, a methyl group, an ethyl group, n-propyl 
group, i-propyl group, n-butyl, i-butyl, t-butyl, etc. are mentioned, for example, and a methyl 
group or an ethyl group is more desirable. The carbon number of an annular alkyl group is five or 
more preferably, and an upper limit is usually eight or less preferably ten or less. If a carbon 
number becomes large, solubility and reactivity will fall like the case where it is a chain-like alkyl 
group, or the molecularity per same weight will decrease, and the effectiveness per same weight 
will fall. 

[0031] As an annular alkyl group, cycle butyl, a cyclopentylic group, a cyclohexyl radical, a 
cycloheptyl radical, a cycio octyl radical, etc. are mentioned, and a cyclopentylic group, a 
cyclohexyl radical, or a cycloheptyl radical is more desirable. It can Join together mutually and R1 
and R2 can also form ring structure. It is desirable that carbon numbers including the 3rd class 
carbon atom which this ring was usually expressed with the following (II) type, and R1 and R2 
have combined are five or more. Moreover, an upper limit is usually 13 or less, and is seven or 
less eight or less especially preferably. If the carbon number which constitutes a ring becomes 
large, solubility and reactivity will fall like the case where it is a chain-like alkyl group, or the 
molecularity per same weight will decrease, and the effectiveness per same weight will fall. 
[0032] 
[Formula 6] 

X* X* 

^"^ xOe 

[0033] (XI -X5 are synonymous with the above among a formula, and n expresses the integer of 
2-10.) However, the substituent may combine with the cycloalkane ring. Moreover, at least one 
of the hydrogen atoms of the benzene ring and a cycloalkane ring is permuted by the fluorine 
atom. As a ring in which R1 and R2 join together, and they are formed, a cyclobutane ring, a 
cyclopentane ring, a cyclohexane ring, a cycloheptane ring, a cyclooctane ring. etc. are 
mentioned, and a cyclopentane ring, a cyclohexane ring, or a cycloheptane ring is more desirable. 

[0034] In addition, the ring formed in the chain-like alkyl group which R1 and R2 express, an 
annular alkyl group, and a list by R1 and R2 may have the substituent. As a substituent, halogen 
atom; methyl groups, such as a fluorine atom, a chlorine atom, a bromine atom, and an iodine 
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atom. An ethyl group, n-propyl group, i-propyl group, n-butyl. i-butyl. AlkyI groups, such as t- 
butyl; A methoxy group, an ethoxy radical, n-propoxy group, Alkoxy groups, such as i-propoxy 
group, an n-butoxy radical, an i-butoxy radical, and a t-butoxy radical; A methoxycarbonyl group, 
An ethoxycarbonyl radical, an n-propoxy carbonyl group, an i-propoxy carbonyl group, Alkoxy 
carbonyl groups, such as n-butoxycarbonyl radical, i-butoxycarbonyl radical, and a t- 
butoxycarbonyl group; A methoxycarbonyloxy radical, Alkoxy carbonyloxy group, such as an 
ethoxycarbonyloxy radical, n-propoxycarbonyloxy radical, i-propoxycarbonyloxy radical, n- 
buthoxycarbonyloxy radical, i-buthoxycarbonyloxy radical, and t-buthoxycarbonyloxy radical, etc. 
is mentioned. In these, a chlorine atom, a fluorine atom, a methyl group, an ethyl group, a 
methoxy group, an ethoxy radical, a methoxycarbonyl group, an ethoxycarbonyl radical, a 
methoxycarbonyloxy radical, or an ethoxycarbonyloxy radical is more desirable. 
[0035] (I) A formula or (II) type As for the fluorine-containing organic compound expressed, what 
at least one of XI -the X5 expresses a fluorine atom to is desirable. If a fluorine atom joins 
together on the benzene ring, the degradation of the cell under the conditions at the time of the 
usual charge and discharge and elevated-temperature preservation etc. can be stored in 
tolerance. In this case, if there are too many fluorine atoms, in order for oxidation resistance to 
become large too much, and for the overcharge prevention effectiveness to fade and to bring 
about the fall of solubility, the number of the fluorine atoms on the benzene ring is one 
preferably [ that it is one piece or two pieces ] and more preferably. 

[0036] Although R1 and R2 of a fluorine-containing organic compound which are expressed with 
the (I) type which a non-aqueous solvent is made to contain by this invention may be a chain- 
like alkyi group and an annular alkyi group as mentioned above, it is desirable to form the ring 
which R1 and R2 join together and is expressed with the aforementioned (II) type. The 
cyclohexylbenzene by which at least one of the hydrogen atoms was permuted by the fluorine 
atom, and the cyclohexylbenzene by which at least one of the hydrogen atoms of the benzene 
ring was especially permuted with the fluorine are desirable especially. This thing has more little 
cell performance degradation at the time of the usual charge and discharge and elevated- 
temperature preservation. 

[0037] The following compounds can be mentioned as a compound which fulfills these desirable 
conditions. 

The example:! -i-propyl-2-fluorobenzene of the compound which Rl and R2 do not combine, A 
1 -i-propyl-3-fluorobenzene. a 1-i-propyl-4-fluorobenzene, A H-butyl-2-fluorobenzene. a 1-i- 
butyl-3-fluorobenzene, A 1-i-butyl-4-fIuorobenzene, a 1 -(2 -ethyl propyl)-2-fluorobenzene, A 
1 -(2 -ethyl propyl)-3-fluorobenzene, a 1 -(2 -ethyl propyl)-4-fluorobenzene, A l-(2'- 
methylbutyl)-2-fluorobenzene. a 1-(2 -methylbutyl)-3-fluorobenzene, A 1 -(2'-methylbutyl)-4- 
fluorobenzene, a 1 -(2 -methyl pentyl)-2-fluorobenzene. A 1-(2'-methyl pentyl)-3-fIuorobenzene, 
a 1 -(2 -methyl pentyl)-4-fluorobenzene. A 1-(2', 3 -dimethyl butyl)-2-fluorobenzene. a l-(2'. 3 - 
dimethyl butyl)-3-fluorobenzene, A 1-(2', 3'-dimethyl butyl)-4-fluorobenzene, a 1-(2'-ethyl 
butyl)-2-fluorobenzene. A 1 -(2 -ethyl butyl)-3-fluorobenzene. a 1 -(2 -ethyl butyl)-4- 
fluorobenzene, A 1 -(2 -methyl hexyl)-2-fluorobenzene, a 1 -(2 -methyl hexyl)-3Hluorobenzene, A 
1 -(2 -methyl hexyl)-4-fluorobenzene, a 1-(2', 3'-dimethyl pentyl)-2-fluorobenzene, A 1-(2'. 3- 
dimethyl pentyl)-3-fluorobenzene. a 1-(2', 3'-dimethyl pentyl)-4-fluorobenzene, A 1-(2', 4- 
dimethyl pentyl)-2-fluorobenzene, a 1-(2', 4 -dimethyl pentyl)-3-fluorobenzene, A 1-(2\ 4- 
dimethyl pentyl)-4-fIuorobenzene, a 1 -(2 -ethyl pentyl)-2-fluorobenzene, A 1 -(2 -ethyl pentyl)- 
3-fluorobenzene. a 1 -(2 -ethyl pentyl)-4-fluorobenzene. A 1-(2 - ethyl -3 -methylbutyl)-2- 
fluorobenzene, A 1-(2 - ethyl -3 -methylbutyl)-3-fluorobenzene, A 1-(2 - ethyl -3- 
methylbutyl)-4-fluorobenzene, A 1-(3 - ethyl -2 -methylbutyl)-2-fluorobenzene, a 1-(3 - ethyl 
-2 -methylbutyl)-3-fluorobenzene, a 1-(3 - ethyl -2 -methylbutyl)-4-fluorobenzene, etc. are 
mentioned. 

The example:1-cyclopentyl-2-fluorobenzene of the compound which Rl and R2 combine, A 1- 
cyclopentyl-3-fluorobenzene, a 1 -cyclopentyl-4-fIuorobenzene, 1 -cyclopentyl -2. 3-difluoro 
benzene, 1 -cyclopentyl -2. 4-difluoro benzene, 1 -cyclopentyl -2, 5-difluoro benzene, 1- 
cyclopentyl -2, 6-difluoro benzene. 1 -cyclopentyl -3. 4-difluoro benzene, 1 -cyclopentyl -3, 5- 
difluoro benzene, A l-cyclohexyl-2-fluorobenzene. a 1-cyclohexyl-3-fluorobenzene. A 1- 
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cyclohexyl-4~fIuorobenzene. 1-cyclohexyl ~2. 3-difluoro benzene. 1-cyclohexyl -2. 4-difluoro 
benzene. 1-cyclohexyl -2. 5-difluoro benzene, 1-cyclohexyl -2, 6-difluoro benzene, 1-cyclohexyl 
-3, 4-difluoro benzene. 1-cyclohexyl -3, 5-difluoro benzene, a 1 -cycloheptyl-2-fluorobenzene, A 
1-cycloheptyl-3-fluorobenzene, a 1 -cycloheptyl-4-fluorobenzene. 1-cycloheptyl - 2, 3-difluoro 
benzene. 1-cycloheptyl - 2, 4-difluoro benzene, 1-cycloheptyl [ - 3 and 5-difIuoro benzene etc. 
is mentioned ] - 2. 5-difIuoro benzene, 1-cycloheptyl - 2. 6-difluoro benzene. 1-cycloheptyl - 3. 
4-difIuoro benzene. 1-cycloheptyl 

[0038] Also in these, a 1-cyclopentyl-2-fIuorobenzene. a 1-cyclopentyl-3-fluorobenzene. A 1- 
cyclopentyl-4-fluorobenzene, a l-cyclohexyl-2-fluorobenzene. A 1-cyclohexyl-3-fluorobenzene, 
a 1-cyclohexyl-4-fluorobenzene, A 1 -cycloheptyl-2-fluorobenzene. a 1-cycloheptyl-3- 
fluorobenzene, A 1-cycloheptyl-4-fluorobenzene is desirable and a 1 -cyclohexyl-2- 
fluorobenzene. a 1-cyclohexyl-3-fluorobenzene. and a 1 -cyclohexyl-4-fluorobenzene are still 
more desirable. 

[0039] A fluorine-containing organic compound may be independent, or may use two or more 
kinds together. If these compounds have too little abundance in a nonaqueous electolyte, the 
overcharge prevention effectiveness will not fully be discovered, but when many [ to remainder / 
conversely / too ]. it may have a bad influence on a cell property. Therefore, the sum total 
abundance in a non-aqueous solvent is usually 0.5 % of the weight or more preferably 0.1% of the 
) weight or more, and an upper limit is usually 5 % of the weight preferably 10% of the weight. 
[0040] It is a fluorine-containing organic compound s making a substituent the alkyi group which 
has the 3rd class carbon, and having a fluorine. Although the alkyI group which has the 3rd class 
carbon is made into a substituent since it has fallen within the electrical-potential-difference 
range in which oxidation resistance can be raised and the improvement effectiveness has the 
overcharge prevention effectiveness as compared with the compound which does not have the 
fluorine Like the compound which does not have the fluorine, when it changes into a overcharge 
condition, follow and a overcharge current is controlled by carrying out an oxidation 
polymerization and forming the coat of high resistance in an active material front face. Before a 
cell results in a dangerous condition as the result, upwards advance of overcharge can be 
stopped and the degradation of the cell under the conditions at the time of the usual charge and 
discharge and elevated-temperature preservation etc. can be stored in tolerance. Even if it has 
the fluorine, moreover, the thing which has the alkyI group which does not have the 3rd class 
carbon in a substituent When it becomes a overcharge prevention function, i.e.. a overcharge 
condition, these compounds follow and carry out an oxidation polymerization. Since the 
effectiveness which controls advance of overcharge is inadequate before forming the coat of 
high resistance in an active material front face, controlling a overcharge current and a cell's 
^ resulting in a dangerous condition, use of the fluorine-containing organic compound in this 
invention is very advantageous industrially. 

[0041] In addition, the fluorine-containing organic compound used by this invention is 
compoundable by making fluorine gas react to the compound which does not have the 
corresponding fluorine atom, and also compoundable by the approach given in J.Organometallic 
Chem.. 118.349 (1976). J.Chem.Soc. 518 (1963). Org.Synth.. II. 151 (1943). etc.. or the approach 
according to this. In the nonaqueous electolyte concerning this invention, a still better known 
coat generation agent, a overcharge inhibitor, a dehydrating agent, a deoxidizer. etc. can be 
added. Annular sultones. such as annular ape fight; propane sultones. such as a saturation 
annular carbonate; ethylene ape fight which has aryl groups, such as saturation annular 
carbonate; phenylethylene carbonate which has alkenyl radicals, such as partial saturation 
annular carbonate; vinyl ethylene carbonate, such as vinylene carbonate, as a coat generation 
agent; annular carboxylic anhydrides, such as a succinic anhydride, an anhydrous malonic acid, a 
maleic anhydride, and phthalic anhydride, etc. are mentioned, and one sort or two sorts or more 
of these compounds can be used. If such a coat generation agent is contained, a capacity 
maintenance property and a cycle property will become better. As for a coat generation agent, it 
is desirable to be added so that it may become 0.1 - 5 % of the weight into a non-aqueous 
solvent. 

[0042] Moreover, for example. JP.8-203560.A. JP.7-302614.A. The benzene derivative indicated 
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by each official report of JP.9-50822A JP,8-273700A and JP,9-17447.A etc.: JP.9-106835A 
JP 9-171840A JP.1 0-321 258A JP,7-302614A. The biphenyl indicated by each official report of 
JP.11-162512A patent No. 2939469. and patent No. 2963898 etc.. and its derivative; JP.9- 
45369,A. The pyrrole derivative indicated by each official report of JP.1 0-321 258.A etc.: JP.7- 
320778,A. The ether system compound indicated by the aromatic compound; patent No. 2983205 
official reports, such as an aniline derivative indicated by each official report of JP.7-302614A 
etc., etc.; with combination with overcharge inhibitors, such as a compound indicated by 
JP.2001-15158.A etc. The overcharge prevention effectiveness more desirable than the design 
top of a cell may be expectable. . 
[0043] As for these overcharge inhibitor or the regulator of the overcharge effectiveness, it is 
desirable to be added so that the sum total content may become 0.1 - 10 % of the weight into a 
non-aqueous solvent, and it is more desirable to be added so that it may become 0.1 - 5 % of 
the weight. Although a metal lithium or a lithium will not be limited as an ingredient of the 
negative electrode which constitutes the lithium secondary battery concerning this invention 
especially if it is occlusion and the thing which may be emitted, occlusion and the thing which 
may be emitted are desirable in a lithium. Carbon material; metallic-oxide ingredients, such as a 
pyrolysis object of the organic substance in pyrolysis conditions various, for example as the 
example, and an artificial graphite, a natural graphite; further various lithium alloys are mentioned. 

[0044] Desirable one performs various surface treatment which contains a pitch in the artificial 
graphite manufactured by the carbon material and elevated-temperature heat treatment of the 
easy graphite pitch obtained from various raw materials especially and purification natural 
graphites or these graphites among these. These carbon materials have that desirable whose d 
value (distance between layers) of the lattice plane (002) side searched for by the X diffraction 
by Gakushin method is 0.335-0.34nm. and it is 0.335-0.337nm more preferably. These carbon 
materials have that desirable whose ash content is 1 or less % of the weight, and it is 0.1 or less 
% of the weight of a thing most preferably 0.5 or less % of the weight. Moreover, it is desirable 
that the microcrystal size (Lc) for which it asked by the X diffraction by Gakushin method is 
30nm or more. 50nm or more of microcrystal size (Lc) is more more desirable, and what is 
lOOnm or more is the most desirable. Moreover. 3 micrometers or more 5 micrometers or more 
are 7 micrometers or more still more preferably more preferably usually preferably [ are a median 
size according / a median size / to the method of laser diffracting / being scattered about, and J 
1 micrometers or more, an upper limit Is usually desirable 100 micrometers or less, and 50 
micrometers or less 40 micrometers or less are 30 micrometers or less still more preferably 
more preferably Moreover. BET adsorption method specific surface area is 1.5m2/g still more 
preferably is usually below 25.0m2/g, and is below 10.0m2/g still more preferably below 
15 0m2/g more preferably below 20.0m2/g more than 1.0m2/g more than 0.5m2/g more 
preferably [ it is desirable and ] than more than 0.7m2/g. Moreover, in the Raman spectrum 
analysis using Ar-ionHaser light, it has Peak PA (peak intensity lA) and the peak PB (peak 
intensity IB) of the range of 1 350-1 370cm-1 in the range of 1 580-1 620cm-1. and that the 
intensity ratio R=IB/IA of whose is 0-0.5 is desirable. As for the full width at half maximum of 
the range of 1 580-1 620cm- 1 , what is one or less [ 26cm - ] is desirable, and one or less [ 25 
morecm - ] is more desirable. 

[0045] Moreover, the metallic compounds which emit [ occlusion and J a lithium can also be 
mixed and used for these carbon materials. As metallic compounds which emit [ occlusion and ] 
a lithium, the compound containing metals, such as Ag. Zn. aluminum. Ga. In. Si. germanium, Sn, 
Pb P Sb Bl, Cu, nickel, Sr, and Ba, is mentioned, and these metals are used as an alloy with a 
simple substance, oxide, and a lithium etc. In this invention, the thing containing the element 
chosen from Si, Sn. germanium, and aluminum is desirable, and the metaled oxide or the metaled 
lithium alloy chosen from Sn. Si. and aluminum is more desirable. 

[0046] These negative-electrode ingredients may be used independently, or two or more kinds 
may be mixed and they may be used. Especially the method of manufacturing a negative 
electrode using these negative-electrode ingredients is not limited. For example, a binder, a 
thickener electric conduction material, a solvent, etc. are added to a negative-electrode 
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ingredient if needed, and it considers as the shape of a slurry, and it can apply to the substrate 
of a charge collector and a negative electrode can be manufactured by drying. Moreover, roll 
forming of what added a binder, electric conduction material, etc. to this negative-electrode 
ingredient is carried out as it is, it can consider as a sheet electrode, or can consider as a pellet 
electrode with compression molding, or thin film formation of a negative-electrode ingredient can 
also be carried out on a charge collector by technique, such as vacuum evaporationo and spatter 
plating. 

[0047] As the binder used in the case of electrode manufacture, a thickener, and electric 
conduction material, to a solvent, the electrolytic solution, etc. which are used at the time of 
electrode manufacture, if it is a stable ingredient, it will not be limited especially. As the example, 
polyvinylidene fluoride, polytetrafluoroethylene, styrene-butadiene rubber, polyisoprene rubber, 
butadiene rubber, etc. can be mentioned as a binder. Moreover, as a thickener, a carboxymethyl 
cellulose, methyl cellulose, a hydroxymethyl cellulose, ethyl cellulose, polyvinyl alcohol, 
oxidization starch, phosphorylation starch, GAZEIN, etc. are mentioned. As electric conduction 
material, carbon materials, such as metallic materials, such as copper and nickel, graphite, and 
carbon black, are mentioned. 

[0048] The point of metals, such as copper, nickel, and stainless steel, being used and being easy 
to process it into a thin film in these as a charge collector for negative electrodes, and the point 
of a price to copper foil is desirable. As an ingredient of the positive electrode which constitutes 
the lithium cell concerning this invention, the ingredient which emits [ occlusion and ] lithiums, 
such as lithium transition-metals multiple oxide ingredients, such as lithium cobalt oxide, a 
lithium nickel oxide, and a lithium manganic acid ghost, can be used. 

[0049] Especially about the manufacture approach of a positive electrode, it is not limited but 
can manufacture according to the manufacture approach of the above-mentioned negative 
electrode. Moreover, about the configuration, after mixing, a binder, electric conduction material, 
a solvent as well as a negative electrode, etc. can be added to a positive-electrode ingredient if 
needed, and it applies to the substrate of a charge collector, and it can consider as a sheet 
electrode or can consider [ press forming can be performed and ] as a pellet electrode. As a 
charge collector for positive electrodes, metals, such as aluminum, titanium, and a tantalum, or 
the alloy of those is used. In these, since especially aluminum or its alloy is lightweight, it is 
desirable in respect of energy density. 

[0050] It is not limited especially about the quality of the material or the configuration of a 
separator which are used for the lithium cell concerning this invention. However, it is stable to 
the electrolytic solution, and choosing from the solution retention outstanding ingredients is 
desirable, and it is desirable to use a porous sheet or a nonwoven fabric etc. which uses 
polyolefines, such as polyethylene and polypropylene, as a raw material. Especially about the 
method of manufacturing the lithium secondary battery built over this invention using a negative 
electrode, an above-mentioned positive electrode, and an above-mentioned nonaqueous 
electolyte, it is not limited but can choose suitably from the approaches usually adopted. 
[0051] Moreover, the coin type which carried out the laminating of the cylinder type, pellet 
electrode, and separator of the inside-out configuration which combined the cylinder type, pellet 
electrode, and separator which were not limited especially about the configuration of a cell but 
made the sheet electrode and the separator the shape of a spiral is usable. 
[0052] 

[Example] Although an example and the example of a comparison are given to below and this 
invention is explained to it still more concretely, this invention is not limited by these examples 
unless the summary is exceeded. 

* *** ** was attached in 3 opening round bottom flask with a [example .of manufacture 1 of 
fluorination cyclohexylbenzene] capacity of 200ml made from PFA (perfluoro alkoxy alkane resin; 
copolymer of tetrafluoroethylene and perfluoroalkyi vinyl ether), 80ml (0.5 mols) 
cyclohexylbenzene and the 1 0ml acetonitrile for dissolving a polymerization object were put in, 
and it dipped in the 1 0-degree C water bath. After nitrogen gas permutes an ambient 
atmosphere for 30 minutes, the fluorine gas diluted with nitrogen gas to about 30% by about 0.1 
mols/o clock in rate When it introduces for 20 hours, to reaction mixture A 1 -cyclohexyl-2- 
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fluorobenzene (about 30% of yield), Three kinds of cyclohexyl mono-fluorobenzenes of a 1- 
cyclohexyl-3-fluorobenzene (about 5% of yield) and a 1-cyclohexyl-4-fluorobenzene (about 13% 
of yield) and five sorts of other difluoro cyclohexylbenzenes were contained. After extracting 
reaction mixture by the sodium-hydrogencarbonate water solution / 1 ,2-dichloroethane system 
and rinsing an organic layer, 1 ,2-dichloroethane was distilled off after dehydration processing 
with the adsorbent, and each component was separated in vacuum distillation. 
[0053] Instead of the [example .of manufacture 2 of fluorination cyclohexylbenzene] 
iodobenzene, except having used m- or p-fluoro iodobenzene. according to the manufacturing 
method of the cyclohexylbenzene of a publication, it carried out to J.Organometallic Chem. and 
118,349 (1976), and the 1-cyclohexyl-3-fluorobenzene and the 1 "cyclohexyl-4-fluorobenzene 
were obtained. 

[0054] Isolation purification of [example .of manufacture3 of fluorination cyclohexylbenzene] 
J.Chem.Soc, 518 (1963) and Org.Synth., 11, and the cyclohexyl fluorobenzene of the mixture 
obtained by the approach of a publication to 151 (1943) was carried out by superfractionation, 
and the 1-cyclohexyl-2-fluorobenzene and the 1 -cyclohexyl-4-fluorobenzene were obtained 
with the mixture of 3:7. Furthermore superfractionation of this was carried out and each was 
separated. 

[0055] (Production of a positive electrode) as positive active material — LiCo02 (the Nippon 
Chemical Industrial Co., Ltd. make — ) To C5 85% of the weight, 6 % of the weight (the DENKI 
KAGAKU KOGYO K.K. make, trade name DIN a turnip rack) of carbon black. Add 9 % of the 
weight (the Kureha chemistry company make, trade name KF-1000) of polyvinylidene fluorides, 
and it mixes. It distributed by the N-methyl-2-pyrrolidone, and what was made into the shape of 
a slurry was applied to homogeneity on aluminium foil with a thickness of 20 micrometers which 
is a positive-electrode charge collector, and after desiccation, it pierced to discoid with a 
diameter of 12.5mm, and considered as the positive electrode. 

[0056] d value of the lattice plane (002nd page) in an X diffraction 0.336nm. (Creation of a 
negative electrode) The median size according [ accord / crystallite size (Lc) / 264nm / ash 
content ] to the method of laser diffracting / being scattered about 0.04% of the weight 1 7 
micrometers, BET adsorption method specific surface area 8.9m2/g. Ar-ionHaser light Intensity 
ratio R=IB/IA of the peak PA of the range of 1 580-1 620cm-1 in the used Raman spectrum 
analysis (peak intensity lA) and the peak PB (peak intensity IB) of the range of 1 350-1 370cm-1 
0.15. the artificial-graphite powder (the TIMCAL, LTD. make — ) whose full width at half 
maximum of the range of 1 580-1 620cm-1 is 22.2cm-1 the styrene butadiene rubber (SBR) (the 
Nippon Zeon Co.. Ltd. make ~) made to distribute to trade name KS-44 94% of the weight with 
distilled water In addition, by applying to homogeneity what mixed by the De Dis parser and was 
made into the shape of a slurry on copper foil with a thickness of 1 8 micrometers which is a 
negative-electrode charge collector, it pierced to discoid with an after [ desiccation ] and a 
diameter of 1 2.5mm. the electrode was produced, and it used as a negative electrode so that it 
might become 6 % of the weight by solid content about trade name BM400B. 
[0057] (Production of a coin mold eel) The positive electrode was held in the can made from 
stainless steel which serves as a positive-electrode conductor using the electrolytic solution of 
a publication for a positive electrode and a negative electrode, each above-mentioned example, 
and each above-mentioned example of a comparison, and the negative electrode was laid 
through the separator made from polyethylene which infiltrated the electrolytic solution on it. the 
obturation plate which serves both as this can and a negative-electrode conductor — the 
gasket for an insulation — minding — it sealed in total and the coin mold eel was produced. 
[0058] (Evaluation of a coin mold eel) In 25 degrees C, the charge and discharge test was 
performed by charge termination electrical-potential-difference 4.2V and discharge-final-voltage 
2.5V or 0.5mA constant current. The value which broke the discharge capacity of a two-cycle 
eye by charge capacity of a two-cycle eye was made into two-cycle eye charge-and-discharge 
effectiveness. After charging on the same conditions after a four cycle and saving at 85 degrees 
C in the state of charge for 72 hours, it was made to discharge and the value which broke the 
discharge capacity after the preservation after a four cycle by charge capacity of a four-cycle 
eye was made into the preservation property. 
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[0059] Moreover, in 25 degrees C, after performing 5 cycle charge and discharge test by charge 
termination electrical-potential-difference 4.2V and discharge-final-voltage 3.0V or 0.5mA 
constant current, it charged by charge termination electrical-potential-difference 4.2V or 0.5mA 
constant current, the cell voltage after 72-hour preservation was measured at 85 degrees C, and 
this was made into the electrical potential difference after preservation. Since the value near 
4.2V was desirable less than [ 4.2V ], B and less than [ more than 4.00V4,05V ] were judged to 
be C. and less than [ 4.00V ] was judged [ more than 4.10V ] for A and less than [ more than 
4.05V4.10V] to be D. 

[0060] Moreover, from the full charge condition, the 5 moremA charging current was passed, 
capacity at the time of the usual full charge was made into 100%. it overcharged to the place 
(170% of charge depth) where a minute of quantity of electricity flowed 1 70% in total, the 
electrical potential difference at that time was measured, and this was made into the electrical 
potential difference after overcharge. Since the direction more near 4.2V was desirable more 
than 4.2V, B and less than [ more than 4.60V4.70V ] were judged to be C. and more than 4.70V 
was judged [ less than / 4.50V ] for A and less than [ more than 4.50V4.60V ] to be D. 
[0061] It dissolves in the solvent which mixed example 1 ethylene carbonate and diethyl 
carbonate to 1:1 by the weight ratio at a rate of one mol/L by making into a solute the hexa 
fluorophosphoric acid lithium (LiPF6) which fully dried under desiccation argon atmosphere. 
Furthermore, a 1-cyclohexyl-2-fluorobenzene is dissolved at 2% of the weight of a rate. 
Furthermore, vinylene carbonate was dissolved at 2% of the weight of a rate as a negative- 
electrode coat generation agent, the electrolytic solution was prepared, the coin mold eel was 
produced by the above-mentioned approach, and it evaluated about initial charge-and-discharge 
effectiveness, the preservation property, the overcharge property, etc. 

[0062] LiPF6 was dissolved in the solvent which mixed example 2 ethylene carbonate and diethyl 
carbonate to 1:1 by the weight ratio at a rate of one mol/l., and it evaluated like the example 1 
further except having used the electrolytic solution which dissolved and prepared a 1- 
cyclohexyl-3-fluorobenzene and vinylene carbonate at 2% of the weight of a rate to the 
electrolytic solution, respectively. 

[0063] LiPF6 was dissolved in the solvent which mixed example 3 ethylene carbonate and diethyl 
carbonate to 1:1 by the weight ratio at a rate of one mol/L, and it evaluated like the example 1 
further except having used the electrolytic solution which dissolved and prepared a 1 - 
cyclohexyl-4-fluorobenzene and vinylene carbonate at 2% of the weight of a rate to the 
electrolytic solution, respectively. 

[0064] LiPF6 is dissolved in the solvent which mixed example 4 ethylene carbonate and diethyl 
carbonate to 1:1 by the weight ratio at a rate of one mol/l. Furthermore, a 1 -cyclohexyl~2- 
fluorobenzene. The mixture and vinylene carbonate of a ratio of a 1 -cyclohexyl~3-fluorobenzene 
and a 1-cyclohexyl-4-fluorobenzene are dissolved at 2% of the weight of a rate to the 
electrolytic solution, respectively. [ of 8:1:3 ] It evaluated like the example 1 except having used 
the prepared electrolytic solution. 

[0065] LiPF6 is dissolved in the solvent which mixed example 5 ethylene carbonate and diethyl 
carbonate to 1:1 by the weight ratio at a rate of one mol/l. Furthermore, the mixture and 
vinylene carbonate of a ratio of a trace ****** 1 -cyciohexyl-2-fluorobenzene and a 1- 
cyclohexyl-4-fluorobenzene are dissolved for a 1-cyclohexyl-3-fluorobenzene at 2% of the 
weight of a rate to the electrolytic solution, respectively. [ of 3:7 ] It evaluated like the example 
1 except having used the prepared electrolytic solution. 

[0066] LiPF6 is dissolved in the solvent which mixed example 6 ethylene carbonate and diethyl 
carbonate to 1:1 by the weight ratio at a rate of one mol/l. Furthermore, a 1-cyclohexyl-2- 
fluorobenzene. The electrolytic solution is received, respectively in 0.5 % of the weight of 
mixture. 1 .5 % of the weight of cyclohexylbenzenes, and 2 % of the weight of vinylene carbonate 
of a ratio of a 1-cyclohexyl-3-fluorobenzene and a 1-cyclohexy|-4-fluorobenzene. [ of 8:1:3 ] It 
evaluated like the example 1 except having used the electrolytic solution dissolved and prepared 

[0067] LiPF6 is dissolved in the solvent which mixed example 7 ethylene carbonate and diethyl 
carbonate to 1:1 by the weight ratio at a rate of one mol/l. A l-cyclohexyl-3-fluorobenzene The 
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electrolytic solution is received, respectively in 1 % of the weight of mixture, 1 % of the weight of 
cyclohexylbenzenes, and 2 % of the weight of vinylene carbonate of a ratio of a trace **a|c3Mcj|c i- 
cyclohexyl-2-fluorobenzene and a 1-cyclohexyl-4Hluorobenzene. [ of 3:7 ] It evaluated like the 
example 1 except having used the electrolytic solution dissolved and prepared by ******. 
[0068] LiPF6 was dissolved in the solvent which mixed example of comparison 1 ethylene 
carbonate, and diethyl carbonate to 1:1 by the weight ratio at a rate of one mol/l., and it 
evaluated like the example 1 except having used the electrolytic solution which dissolved and 
prepared vinylene carbonate at 2% of the weight of a rate to the electrolytic solution. 
[0069] LiPF6 was dissolved in the solvent which mixed example of comparison 2 ethylene 
carbonate, and diethyl carbonate to 1:1 by the weight ratio at a rate of one mol/l., and it 
evaluated like the example 1 except having used the electrolytic solution which dissolved and 
prepared a biphenyl and vinylene carbonate at 2% of the weight of a rate to the electrolytic 
solution, respectively. 

[0070] LiPFB was dissolved in the solvent which mixed example of comparison 3 ethylene 
carbonate, and diethyl carbonate to 1:1 by the weight ratio at a rate of one mol/L. and it 
evaluated like the example 1 except having used the electrolytic solution which dissolved and 
prepared cyclohexylbenzene and vinylene carbonate at 2% of the weight of a rate to the 
electrolytic solution, respectively. 

[0071] The tetrafluoroboric acid lithium (LiBF4) was dissolved in the solvent which mixed 
example 8 ethylene carbonate and diethyl carbonate to 1:1 by the weight ratio at a rate of one 
mol/L, and it evaluated like the example 1 further except having used the electrolytic solution 
which dissolved and prepared a 1-cyclohexyl-2-fluorobenzene and vinylene carbonate at 2% of 

the weight of a rate to the electrolytic solution, respectively. 

[0072] LiBF4 was dissolved in the solvent which mixed example of comparison 4 ethylene 
carbonate, and diethyl carbonate to 1:1 by the weight ratio at a rate of one mol/L, and it 
evaluated like the example 1 except having used the electrolytic solution which dissolved and 
prepared vinylene carbonate at 2% of the weight of a rate to the electrolytic solution. 
[0073] Using example 9 gamma-butyrolactone as a solvent. LiPF6 and LiBF4 were dissolved at a 
rate of 0.5 mols/L, respectively, and it evaluated like the example 1 further except having used 
the electrolytic solution which dissolved and prepared a 1-cyclohexyl-2-fluorobenzene and 
vinylene carbonate at 2% of the weight of a rate to the electrolytic solution, respectively. 
[0074] Using example of comparison 5 gamma-butyrolactone as a solvent, LiPF6 and LiBF4 were 
dissolved at a rate of 0.5 mols/L, respectively, and it evaluated like the example 1 except having 
used the electrolytic solution which dissolved and prepared cyclohexylbenzene and vinylene 
carbonate at 2% of the weight of a rate to the electrolytic solution, respectively further. These 
evaluation results are shown in Table 1 . 
[0075] 
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[0076] 

[Effect of the Invention] The lithium secondary battery using the nonaqueous electolyte for 
lithium secondary batteries of this invention has high charge-and-discharge effectiveness, is 
excellent in a capacity maintenance property, and is excellent in the cell property and safety in a 
large temperature requirement, and is a high energy consistency. 
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D-<^^-g>-, 1 -^yi; u^y^/u-4-y/\^>tx^^>'^ 
1 -i^^ D^^i/yu- 2~7yu:*-n^>'if V, 1- 
v/^ D^:^>^yl/- 3 - y^yl';*-n^Vif 1 - y^ 
=^v'yu-4-7yi';?f-p^>-g>', 1 - v':?' p-^^^yu- 
2-:7yP:^p^^^-^>', 1 -v^^^n^7'^yU-3-:7/U 
;^-p^>'-^^^, l-i/^^p^y^yu-4— 7yU:i-n'<>' 
•evd5$fSL<. 1 -v'^p---:^'>yu-2-yyU;i-P^ 
y-^y, l-i/^^p^=^v^yu-3~:7y^;d-p-<>if>, 
1 - n i/yu- 4 - yji^:t ti^y^yii ^ ^ \zB 

[0 0 3 91 ^:7o,^;^^|[^>g^/^(i^ ¥$fc-et.. 2mm 

tt. ii^O. ia»%lii±. »*L<ttO. 5*1:%J&L 
±T-fc9. ±RBttiiSl 0K«:%. »*L<tt5m«% 

[0 04 01 ^^ ^ym^mit^m\t. 3m^mi:^-ri> 
T\ y^ymi:mLx\^^ti:\f^it^^titm\^x. mmit^ 

^*'r5Tyu^yuS^at^Si:^2»*^ :7 ^/^Sr^fi-LT 

mftmv^micfj: ^fzmc^tih (Dit^mt^itm \.xmt 
s^L. m^smmcmtm:<D&mi:ifmLxm%mm 

i>^y ym^m<t^^(Dmm(ti:mmmibxmixh 
[0 0 4 11 fj:is^ ^?^mxm\^^(^tih^yym^mit 

^mt. MJt^i-^y ymw.f-i:^LX\^^fj:\^^it^mcy 
^ym:ffy^i:Si1t-^'ti>:Lt\zX^^^X^^m\ J.Or 

ganometallic Chem. . 118, 349 (1976) , J. Chera. Soc. , 518 
(1963). Org.Synth., II, 151(1943) ^|Cfe^(D:^S. X 
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t^il. «7K-7n>'g^, «E7K-7W>il. ^S^^^yi'^ 

10 0 4 2] *fc, 0!|x»i#M¥8-2 0 3 560-^. 
!|f||ilZ7-3 0 261 4-^. #^¥9-5 0 8 2 2-^> 
ijsf^jps- 2 7 3 7 0 0^. #M¥9-1 7 4 4 7-f-CD 

1 068 3 5-^. !l#M¥9-l 7 1 84 0-^. !|tBB¥l 
0-3 2 1 2 5 8^. iKP§B¥7-3 0 261 4^. #M 20 
3pl 1-162 5 1 2-^. #lf^2 9 3 9 469^. WIf 
^2 963 8 9 8-^t7?#^^^{Cl5«^tlTV^-5l:'7:ii 
-/V^itJ^-?: Ofl*^ ;#H¥9-45369-§-. 
1 0-3 2 1 2 5 8#0'S-^#^(-ia«^ttTl/^-5 t°n 
-yl-il^fl:;#5S¥7-3 2 0 7 7 8-^. ^M¥7-3 
0 261 4^©#<i^^^taE«$tvTl/^-5T:^y 
i^^^i^J^^Kik-a-l^ ; #ffm2 9 8 3 2 0 
^«$itTV^5^-r/V'^{t:^'^ 2001-15 

[004 3] m?.ii^SI56-it^{i|^ii*«a*<^^S^J 
(4. ^<7)-a'W-#W»^s#7k^^fp IC 0 . 1-10 »»% 

[0 0 4 4] rttfeWrt. »4 LV^©«^**ti|Sf. ff'T- 

fc^^ffi (0 0 2) ffiWd^il (SralSSI) /i^O. 3 3 5 
~0. 3 4 nmT-fo5t><0;S5»*t<> J;^?»*L.<I4 
0. 3 3 5~0. 3 3 7 nm-Cfc5. :itv6>i^^$+^^ 50 
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14, K5J-7)5iS*%l^TT'fc5t>W;dJ^f4b<, J: I? Iff 
*L<I10. 5S*%i^JlT. :tt»*t<t40. Ifi* 

fc^^^f--CX (Lc) ;45 3 0 nm|JtJi-C*)5 
$LV\ (Lc) 14. 5 0nm£A±(O:&d5 

J:'9&*t<, 1 0 0 nm£il±-C-fo5't)0;i5ftt)lif*b 

^v^TV^T, ji»lMmiJil±. $f*L<(43MniW 
±. J;^Sf*L<l4 5Mm£Jl±. 5iC»SL<(47Mm 
Jil±-efot), ±P5l4ii^ 1 0 0 M mtAT, $f*L<{45 

<f4 3 0;tmeilTT*S)5o BETftlt^ffiaf*. 
0. 5mVgiit±. »*L<»40. 7mVg£A±i'!' 
*f*L<l41. OrnVgWi. Mt-»*t<ttl. 5 
mVg-C-fc?), ii^2 5. OmVglJtT-efcU. 
t<(420. OmVg^itT. j:'9ff*L<ttl5. 0 
mVgi^T. 5(c$f4 L<J41 0. OmVg£iTT-*> 

■-S^ b/P^WI-iSV^Tl 5 8 0~ 162 0 cm'' <D<SI1 
iCf-^'P* (t°-^3iglA) S-tJ^l 3 5 0~1 3 7 0 
cm"' co®llrot°-i^ Pb (b°-i>^eiB) 5r^rL> 
W3tSitR= lB/lA:d^0~0. 5-C-S>5t(0*5if*U 

1 5 8 0~1 6 2 0 cm'' ©ffiffl©«^— 
«2 6 cm" £AT-C'fc?)t)W*5»*L<.. 3El'tt2 5 c 
m" tAT/J5J:i9$f*LV>, 

[0 0 4 5] *;rccnf>©;^3^tri|s|-i-> y^iJ'A^rigs 

«, Ag, Zn. Al. Ga. In. Si. Ge. S 
n, Pb. P. Sb. Bi. Cu, Ni. Sr. Ba^ 

ft:, ^{bi^. yf^'J'-t,i:ro^^3ict'i:LTfflv^e>tv5. 
:*:|gKlC^5V^-C^4. Si. Sn. G e S.tJ«A 1 f>Sti 
tu55c^S:-^W-r5t®*5»*t<. Sn. SiRU«A 

10 046] rtt^<Z)Affi*t^SK4, ^aX-fi^fflLTfe. 

[0 0 4 7] «1SS^it^0|^«-fflv^P>1^5ig«?f|J. lt*!i 
^J. L-C{4. «1gS3g^lcfi&ffli-5^«t-^m« 
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mmifhix^o . 10 
1 0 0 4 8 1 A^ffl*tt«ii: LTIi, = i'-^-zK ^ 

T'l^u^^ffy^mi'^^K^n. ztihff^'pxmmcmT. 

{C T ^ = ^7 i» * fcli-e 5 ftaij^yw 

COST'S* LV\ 

[0 0 5 01 *i8wi-^,sy5"e'Am{c^ffl-r-5-fe/-; 
i^^m^mmiLK. j^y^c^u^, ^y7°nfuv 

[0 0 5 1] S^&©?^^^l^:ov^TH:iRf(c|S;t$i^ 
[0 0 5 21 

2 0 0ml<^PFA {/^—yj\^:;taTfl'^^'>TjVfj:y 50 
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l-S?tilSrfJ!9#lt, 8 0ml (0. 5mol) Wv'i' 
X2^e^i/j\.^l^^:yt. fi-^tlSr^^^-fr-S^Ol Om 
1 WT-fe h= h y/i-i:$rAti,, 1 O'CWTK^StcaLfc, 

TSi*j3 0%ICl&JRLfc7y^:^/;^i£:, *tjO. Imo 1/ 
l^cDJi^T-, 2 O^^^ALfcirr^, RJj:jSI'ttl- 
v-^ D^:^r'>/1'- 2 -^/U^D^Z/-^^ (|JX^j^3 0 

(ltK^i^^l3%) O3aSc0'>^ n^dr->yL'^y 7 

'yjU^l^-^>ti^t.tiX\>^tZo K}i:M%:^m:iimi-hV 
2-i?^'nna;^:/^TttmL, 

o^ij'^^^gsL, msmmcx^^i^i:^mi^tzo 

10 0 5 31 lyym{t'>i'o^^iy/\^^>-^>(DWt 
m. 2] 3-V^>-^>(r)fii:>*)K. m-t.tzfip-7 
/U^D 3— K^V-fe'^-^ffiV^fcJW^I-tt, J. Organometall 
ic Chein. , 118. 349(1976) iCfB^Oi^^' n^^i^/U^l^-^ 
>'©S!jtSlCtpCTm\ l-v'^ci^:J|rv'/l'-3-7 
i^^tU^l — v'^ □^:^r->'yl'— 4 — 7/U;*-n 

1 0 0 5 4 1 [7 iymit'>^ n^:^v'/u^>'-ei^(Oi!ijg 
R 3] J.CheiD.Soc..518(1963)RO50rg.Synth..II, 151 
(1943) {cW.1^<D^mX'mzm:-^!^(Diy'!7 a^^i^/l.yju 

^hizzn^mmmmLx. ^fi^ti^^rnvtzo 
[0 0 5 5] (]Em<Dim) lEmismmt ur l i c o 

O, {B:^it^T.mnm. C5) 8 5mm%K:fJ-^-> 

jSKF-IOOO) 9161:%S:Jnx.jg-^L, N-;^^>'U 
-2-t°n y K^T-:»-ft!cL, y^y V -iikt \.fzh<OiJE 
WkM.{^Xh^W-^ 2 0 ;^m<0T/^5 = !?A^S±|Ct&— 
IC^*L, il:gl2. 5mmORIS<*tlCft-t>S 

[0 0 56] (AS<^f^^) Xi^lH]8ft-*5»t5*&^ffi 
(0 0 2ffi) (O(HgjiS0. 3 36nm, S^-th-T X (L 
c) >J5 2 64 nm, £J(5>;45o. 0 4fil:%, U— !f— [U 

h/W^J-WiriSltS 1 5 8 0~ 162 0 
cm"' <0®fflcOt°— P* (f-^^g I») RUfl 3 5 
0~ 1 3 7 0 cm'' (^@ffl<Df— iS' Pb (f— ^'^g 
lo) K)^gJtR= I./I.d^O. 1 5. 1 58 0~16 
2 0 cm"' 0|g|ao If — ©Jjs^ffijgiS 2 2. 2 c m ' T 
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4) 9 4Sl:%{c:^®7KTj^t!c$-a:fc:;^f-U'>'-7'^v? 

(SBR) (B*-if^>'l±M. Sp"p^BM4 0 
0 B ) i^m^X'^mmVo bflhi.o fcin ;t . ^' ;^ /< 

1 8/im(Dil®±{C:^-{C^^1iL. ^ji^. iff 
[0 0 5 71 ( 3 -< l^m^f\^<OWm ±IS<^ jE<i*5 i 

10 0 5 81 (3'^'>'M■fe/'^»W0) 2 s'Ctcfcv^x. 
^S*^±«ffi4. 2V, WLnMr±^^2. 5V, 0. 5 

i*sttt$a*i:Lfco ^ fvmm-^mz.x%m 20 

4f--r ^5'.'i^^<0^#^<^*^tt^»Sr4f-'('^'yi^ 

[0 0 5 91 *fc, 2 5'Clr;fc^,^T. ^l;*^il:®E4. 
2V. jS!fem*l-Jt®E3. OV, 0. ^mAmmrnXb-^ 

!^/i-%n9Mi^i:n^tc'^. itmm±mEE4. 2v, 
0. 5mA^mmx'mm^n^\ s svx? 2!^m^^ 
^<j5smsBES:a«^u. mtr»#«mffi^:Lfco 4. 

2VJEATt?4. 2 V^CJfiV^^l:;6W4L^^C:i:^»6). 4. 
10V:W±^A. 4. 0 5V£i±4. 10V*SI$-B. 30 
4. 0 0V£i±4. 0 5V*SI*C. 4. 0 0 V*SI^ 

[0 060] *fc. ?il^«t^^;6-e>. $6)fC5mA(D^ 
«S»E4r*Sb-C. ii^cD}i3Em^©^»^ 1 0 0%t b 

-c. -a-fh-ei 7 o%5><^«M*^)^*stt^-^ (^m^Si 

7 0%) 4fjg56®Srm\ -tO^f^mffiSraj^LT, 
rtlSri§^S^«i±ir Lfco 4. 2VU±X'X'0 4. 2 
V(c:fiV^;^;i5^if4 LV^r 4. 5 0V*?iSrA. 

4. 5 0VtA±4. 60V*#ISrB. 4. 60VjJt±4. 
7 0V*SI«rC, 4. 7 0V£l±SrDi:J|5j^Lfco 40 

(00611 mmmi 

p Fe ) sr^s t LT 1 y y ^ /KOfJ-a-C^S? 

'^\zi—-y^^^^i^f^—2 — y/X^:tn^-y-\i'y^ 

2 mm.%<Dm'^xmm l . $ t it^ftn^ii^figisi fLx 
m^nm^m. ^^^^^ i^^mwitmcmL. wmi: so 
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[0 0621 mWM2 

JtT 1 : 1 icjg-g- Lfc^ii^lC L i P F6 ^ 1 ^/l'/ y y 
b/KOSH-^-e^lifL. lEI-l-'>j5'n^d^->/U-3-7 

/U;tD-<yHfVi: fc*-uy;«7-#^^- hir^^^x^'tiffl: 

mm^>^L2mm%<Dm^xmmhxmMLtcmmmi 

[0 0631 3 

ItT' 1 : 1 ICjl-g- Lfc^iifC L i P Fe ^ 1 y 
h/l'tDtl-a-e^^lb. Ml3:i-v'^D-vdE^v'>rU-4-7 

mm^>(iLX 2 *«:%©fij^-e^« LTHM Lfc«)SjS 
^fflv^fcii:«^li|IJfe«»Jl irl^^fctXffii^tT'io 

[0 0641 mMm4 

X'l : 1 \zm:^htimm\^L i p f. % i ^n-zv y v 

jvnVi^XWM 1 — v-^ n ^it'yji^- 2 - 

■tfy^tJ^l — ->^' a^^v-yu— 4 — 7>'W;i-D^yif y© 
8:1: 3©Ji:^<0jS^tli:tr=l'y*-JJ?*— httr 

[0 065] Ilt&0i|5 

-CI : lIc^g-g-Lfc^iElCL i PF.^l^/U/y y h 
ywrofiJ-^-C'^/SL, Ml- 1 -'>:5' n'^^af-^/u- 3 
^n^y-^y^Jftapa^tf 1 n^:SE-'>yW- 2-7 

[0 066] HiSfiRje 

t? 1 : 1 ic^l-g- Lfc^aCir L i P F. Sr 1 )) y V 

/K^W-a'-e^^SL, MIC 1 -i^if 2 
;^u-^y-^V, 1 D^df-v'/U— 3 — 7/l';^-o^>' 

8:1: 3(Olt^(Oii:-g-!^0. 5 fiS%i: a'>.*-y 

/l^^y-^yi. 5fi*%i: f-U'Vl^-JJ?^- b 2fil: 

% ?:-&ixmttj»?gic^tt \^x<Dm-tx^m Lxmm u 

[0 067] UliS^J 7 
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itr-l : HcM-^Vtzmm^L i PF.^l^yP/y.-y 
hyKZ5fi|-g--C@S|U, l-'>^'n^^>'/l/-3-7>'U:^ 

1 0 06 81 it^mi 

ttX'l : Hzm^-B-LtcmmiC. L i PFeSrl^yP/y 

to 0691 ifcg50!l2 
tfct?! : \ \Z.m.-^\^tzMmz. L i PF.^l*/W/y 

[00 701 it«E0!l 3 
T- 1 : 1 tCll-a- VtzBt^iC^ L i P F. 1 "B/Uy/ ]) y 

[0 0 7 U |U60i|8 



10 



20 



20 

A (L i B F, ) 1 ^yu/y y hyi-<D^'^xmmL. 

Ml- 1 n^df v'/u- 2 -^/U;*- n^^^-^i^i: t*= 

m^xmmLxm^Ltimmm^m^tLZ tsi^^imm 

[0 0 7 21 tfc|55^aj4 
ItT' 1 : 1 iCig-g-Lfc^JilC, L i B F, ^ 1 ^/I^/y 

[00 7 31 9 

y-Zf^a^^ h>i:mktLXm^\ LiPF. i: L 
i B F, ^-^rix-^no. 5^-/u/y y h/K^Sfl-a-e^^ 

[0.0 7 41 ]t|!j0iJ5 

y-y'^f-oyi' h>i:mmtLXm\'^. LiPFsirL 

i B F, sr^n-eno. s^/u/y ^ h/KDfij-§-T*^/i?L, 

[0 0 7 51 

[«ll 



*30 





(%) 


(%) 


(V) 




mm (V) 








99. 3 


78- 1 


4.11 


A 


4. 46 


A 


A 




99.2 


7 9.0 


4. 0 9 


B 


4 . 5 4 


B 


B 




99. 3 


8 0.3 


4. 10 


A 


4. 4 9 


A 


A 




99. 2 


7 8. 3 


4.0 9 


B 


4. 54 


B 


B 




9 9.3 


7 9.6 


4.10 


A 


4.4 8 


A 


A 




9 9. 0 


7 5. 7 


4. 0 8 


B 


4.4 9 


A 


B 




9 9. 1 


7 7. 3 


4.0 6 


B 


4. 4 5 


A 


B 




9 9.4 


8 2.2 


4.15 


A 


5.0 1 


D 


D 




9 8.4 


7 1. 3 


3.9 6 


D 






D 




9 8.8 


7 0.3 


4. 0 4 


C 


4. 4 2 


A 


C 




9 6,3 


5 9. 1 


4. 0 5 


B 


4. 5 8 


B 


B 




9 6.4 


6 1. 2 


4. 0 7 


B 


5. 0 0 


D 


D 




9 6. 1 


6 3. 8 


4.0 5 


B 


4.4 3 


A 


B 




9 5. 0 


59: 2 


4.0 2 


C 


4.3 9 


A 


C 



[00 761 
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4/58 



^mmmmMm^^AT s 3 # i ^ 



F I 
HO IM 



(##) 



4/48 
4/58 



Ft?— 4H006 AA03 AB91 EA33 

5H029 AJ02 AJ03 AJ04 AJ05 AJ12 
AK02 AL02 AL07 AL12 AM03 
AMOS AM07 BJ03 DJ16 DJ17 
HJ07 HJ13 
5H050 AA02 AA03 AA07 AA08 AA09 
AA15 BA17 CA08 CA09 CB02 
CB08 CB12 FA17 FA19 HA07 
HA13 



